I. Introduction
===============

When a tooth is lost for any reason, an unopposed tooth can super-erupt, and the movements of teeth such as tilting toward the vacant area or tooth rotation can occur. Such changes can cause a change in the occlusal plane. Craddock et al.[@B1] reported that 92% of unopposed teeth in a group of teeth that had at least one unopposed tooth exhibited super-eruption, with an average of 1.68 mm and maximum of 3.99 mm of super-eruption. Also, they reported an average super-eruption of 1.91 mm and 1.03 mm when the unopposed tooth was in the maxilla and the mandible, respectively. This is because super-eruption of opposing teeth is more frequent in the maxilla, while tilting of teeth is more frequent in the mandible. Kiliaridis et al.[@B2] reported that 24% of unopposed teeth had greater than 2 mm of super-eruption, while 18% of unopposed teeth had no super-eruption. In other words, 82% of unopposed teeth exhibited super-eruption. Findings from another study concluded that the occlusal change of unopposed teeth was mostly within 2 mm; thus, observation with no treatment was one viable option[@B3]. Many reports have shown a similar pattern of super-eruption of unopposed teeth to that found in this study, although their pattern or frequency was slightly different. However, if the severe super-eruption of an unopposed tooth results in the loss of intermaxillary space, which limits the possibility of ideal restoration through prosthodontics, treatment might be necessary. With regard to immediatetreatment methods, occlusal reduction of the super-erupted tooth, placement of a prosthodontic restoration, and orthodontic intrusion or a surgical method accompanied by segmental osteotomy, none of which damage the tooth, are widely used. Since screws of a variety of materials have been designed as anchors in orthodontic treatment, orthodontic intrusion with such screws is widely used[@B4][@B5][@B6]. Segmental osteotomy, which was devised by Cohn-Stock[@B7] and has been improved into many forms by Wassmund[@B8], Axhausen[@B9], Schuchardt[@B10], and Wunderer[@B11], is also used. The aim of this study is to evaluate the clinical prognosis of restoration of a missing tooth using an implant without any additional treatment for a super-erupted opposing tooth that has altered the occlusal plane.

II. Materials and Methods
=========================

This study was conducted with the approval of the Seoul National University Bundang Hospital Institutional Review Board (B-1405-252-109).

The study was conducted on patients who visited Seoul National University Bundang Hospital from April 2004 to August 2012 and had implants placed and prosthodontic treatment completed without treating super-erupted opposing teeth.

1. Inclusion criteria
---------------------

1\) A super-erupted tooth opposing an implant placed in the premolar or molar area.

2\) Regular periapical radiographs performed during the follow-up period.

2. Exclusion criteria
---------------------

1\) Treatment of the opposing tooth with endodontic therapy, prosthodontic restoration, occlusal reduction through tooth grinding, segmental osteotomy, or orthodontic intrusion, etc., due to severe super-eruption.

2\) Patients who lacked medical records or did not return for follow-up appointments.

3. Items of investigation
-------------------------

Referring to medical records and radiographs, we examined the implant placement area, additional surgery other than implant placement, the prognosis of the opposite tooth after the implant became functional, complications, crestal bone loss, and implant survival rate. For implant survival rate, if the implant and upper prosthesis remained at the final follow-up appointment regardless of peri-implant bone loss, we classified this case as successful. With regard to prosthetic complications, we examined the presence of screw loosening, prosthetic dislodgement, or prosthetic fracture after the prosthesis became functional.

4. Measurement of the super-eruption of the opposing tooth
----------------------------------------------------------

Through panoramic radiographs at 30% magnification ([Fig. 1](#F1){ref-type="fig"}), the difference in distance between the straight line drawn between the buccal cusps of the super-erupted teeth and the straight line drawn between the buccal cusps of adjacent teeth was determined to be the amount of super-eruption.

5. Crestal bone loss
--------------------

To examine the amount of crestal bone loss, we compared a periapical radiograph collected immediately after the prosthesis became functional with a periapical radiograph performed at the final observation using the paralleling technique. We measured the amount of bone loss in the mesiodistal aspect of the implants on each radiograph to investigate the average amount of bone loss during implant function and adjusted the value after correcting for the 30% magnification of the radiograph using the length of the placed implant.

III. Results
============

We studied a total of 22 patients, 9 males and 13 females, with an average age of 56.5 years (range, 32-72 years). A total of 33 implants were placed, 10 of which were immediately loaded after placement. For the remaining 23 implants, the final prosthetic restoration was fabricated an average healing time of 2.8 months after implant placement. The average follow-up period was 29.6 months, and the amount of super-eruption of all opposing teeth was less than 2 mm.

1. Implant site
---------------

The implants were placed as follows: One implant in the maxillary premolar area, six implants in the maxillary molar region, one implant in the mandibular premolar space, and 27 implants in the mandibular molar area.

2. Additional surgery
---------------------

There were 12 cases in which additional bone grafting was performed due to the lack of alveolar bone in the implant site. In 10 cases, bone grafting was performed in the adjacent bony defect area during the placement of the implant. In two cases, implant placement was delayed after the bone graft was placed. Delayed placement of the implant was decided for one case requiring sinus graft and vertical ridge augmentation and for another case in which a socket graft was performed.

3. Prognosis of the opposing teeth
----------------------------------

The opposing teeth did not exhibit any complications such as pain, deterioration of periodontal disease, or necessity of endodontic therapy after the implant became functional.

4. Surgical complications
-------------------------

In one case, exposure of the cover screw occurred after the initial surgery. The screw was immediately replaced with a healing abutment. The patient recovered well without any additional complications.

5. Prosthetic complications
---------------------------

There was no screw loosening or prosthetic fracture. Unfortunately, there was repetitive prosthetic dislodgement in one case.

6. Crestal bone loss
--------------------

During the 29.6 months average follow-up period after prosthetic loading, an average of 0.09±0.30 mm of bone loss was observed. In most cases, crestal bone loss was rarely observed. In one case, bone loss greater than 1 mm was observed.

7. Survival rate
----------------

A total of 31 of 33 implants survived until the final follow-up, a survival rate of 93.94%. Of the two failed implants, one was placed in the maxillary molar area and another in the mandibular molar area. One failed implant was caused by peri-implantitis, which occurred from severe nocturnal bruxism. In another case in which immediate loading was performed, the implant was removed due to its failure to osseointegrate. All failed implants were replaced, successfully restored with the final prosthesis, and functioned normally without any complications.

IV. Discussion
==============

Super-eruption of an unopposed tooth is well-known and has been the focus of many studies. Compagnon and Woda[@B12] classified super-eruptions into active eruptions and periodontal growth. An active eruption was defined as tooth eruption out of the socket without a change in the periodontal tissue. Periodontal growth was defined as the growth of periodontal tissue, including alveolar bone, toward the occlusal plane. In addition, the study classified an eruption caused by gingival retraction as a passive eruption that could not lead to super-eruption when it occurred alone. Super-eruption that occurred through the loss of an opposing tooth was mainly caused by periodontal growth in the early stage and by active eruption later, when the tooth was no longer functional. The study also concluded that super-eruption easily occurred, and that the eruption was usually classified as an active eruption when the periodontal condition was poor. Craddock et al.[@B1] reported relative wear that could be regarded as a \"pseudo-eruptive\" condition that was related to age and usually occurred in unopposed mandibular teeth.

In this study, 26 implants were placed in the mandible and seven in the maxilla, meaning that most of the super-erupted teeth were in the maxillary arch. Many other studies on super-erupted teeth also showed a high correlation with maxillary teeth. Researchers say that most super-eruptions occur in the maxilla. One of the reasons for the high frequency of super-eruptions in the maxilla is that periodontal disease is more common in the maxilla than in the mandible due to the larger amount of trabecular bone, thinner cortical plate, and greater blood supply in the maxilla. In addition, this correlation is also due to the muscular effect of the tongue on mandibular teeth. The tongue is usually placed on the occlusal plane of mandibular teeth in a resting position, increasing the likelihood of super-eruption of mandibular dentition[@B13][@B14][@B15].

To date, the only reported cases involve implant treatment without treatment of the super-erupted tooth. There were 12 cases in which a bone graft was performed due to the lack of alveolar bone in the implant site.

There was no screw loosening or prosthetic fractures in this study, but we observed one case of repetitive dislodgement where a tooth was restored with a short abutment and crown. The continued dislodgement was due to the short length of the crown due to the lack of intermaxillary space. After replacing the prosthesis, no additional dislodgement occurred. During the average 29.6 months of follow-up, there was an average of 0.09±0.30 mm of crestal bone loss. In one case, greater than 1 mm of bone loss was observed. In that case, a bone graft was performed around the implant during placement, and immediate loading was applied. The loss of crestal bone was considered to be due to resorption of the bone graft materials during function.

With two of 33 implants being classified as failed, an average implant survival rate of 93.94% was observed in this study. One of the two failed implants was caused by severe nocturnal bruxism, while the other case failed as a result of immediate implant loading.

Change in the occlusal plane caused by the super-eruption of an opposing tooth has negative effects due to occlusal overload and increase in parafunction. Craddock and colleagues[@B16][@B17] reported in studies performed in 2004 and 2008 that occlusal interference occurred in 51.6% and 53% of cases in each unopposed posterior molar area, respectively, and that the interference increased in teeth that were unopposed for more than five years. Those studies concluded there was no significant association between the degree of super-eruption and the occurrence of occlusal interference. Although there has yet to be a study that suggests a specific treatment standard, the results of this study suggest that occlusal interference that can damage a prosthesis will not occur in the absence of treatment for super-eruption as long as the super-eruption is not excessive. The limitations of this study are mainly due to the small number of sample cases. In addition, the marginal bone loss was measured by one examiner, thus leading to possible intra-examiner error. This limits the ability to reach a reliable conclusion. More studies involving larger sample sizes would lead to more meaningful results.

V. Conclusion
=============

During implant treatment for an occlusal scheme with a super-erupted opposing tooth, various treatments can be considered. This includes conservative, prosthodontic, orthodontic, and surgical treatments of the super-erupted tooth. Some procedures can be performed to regain the ideal intermaxillary space and occlusal plane. However, when the super-eruption distance is less than 2 mm, typical implant treatment can be performed without addressing the super-erupted opposing tooth. This study determined that lack of treatment of the super-erupted tooth will have no negative effects on the implant or the opposing tooth.
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